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The unprecedented emergence of perovskite-based solar cells (PSCs) is accompanied by an 
intensive search of suitable materials for charge-selective contacts. For the first time we use a 
hole-transporting self-assembled monolayer (SAM) as the dopant-free hole-selective contact 
in p-i-n PSCs and demonstrate a power conversion efficiency of up to 17.8% with average fill 
factor close to 80 % and undetectable parasitic absorption. SAM formation is achieved by 
simply immersing the substrate into a solution of a novel molecule V1036 that binds to the 
ITO surface due to phosphonic anchoring group. We further characterize the SAM and its 
modifications by Fourier-transform infrared and vibrational sum-frequency generation 
spectroscopy. In addition, photoelectron spectroscopy in air was used for measuring the 
ionization potential of the studied SAMs. This novel approach is also suitable for achieving a 
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conformal coverage of large-area and/or textured substrates with minimal material 
consumption and can potentially be extended to serve as a model system for substrate-based 
perovskite nucleation and passivation control. Further gain in efficiency can be expected upon 
SAM optimization by means of molecular and compositional engineering. 
1. Introduction 
In a strikingly short period of time, solar cells with organic-inorganic perovskite absorbing 
layers have surpassed 20% power conversion efficiency (PCE), with a current record 
efficiency of 22.7%.[1] So far, the published record results for perovskite solar cells (PSCs)[2] 
were achieved in n-i-p configuration (in literature often referred to as “regular” PSCs) with a 
combination of a compact and mesoporous TiO2 layer as an electron transporting material 
(ETL) deposited on a transparent conductive oxide substrate. So called “planar” regular solar 
cells have also been reported using compact TiO2, SnO2, fullerene-based derivatives or a 
combination of these layers.[3–6] Recently, the p-i-n configuration (in literature often referred 
to as “inverted” PSCs), where first the hole transporting materials (HTMs) are deposited on 
the TCO, gained significant attention with reported efficiency over 20%.[7,8]  
P-i-n PSCs have several advantages in comparison to the n-i-p architecture. First, high 
temperature annealing, which is required for the TiO2 layer formation, is avoided. Second, 
they are known to have much less pronounced hysteresis, leading to virtually „hysteresis-
free“ devices,[9] even though it can still be detected under certain conditions.[10,11] Third, much 
cheaper copper can be used instead of gold as a metal contact layer.[7] Next, no doping is 
needed for the charge selective contacts which might improve the long-term stability as 
dopants of spiro-OMeTAD are known to reduce device stability.[12] Finally, the p-i-n 
configuration was shown to enable higher tandem efficiency potential due to less parasitic 
absorption in the front contact[13,14] and thus p-i-n PSCs have a great potential for further 
development. 
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Currently, most popular hole transporting materials for p-i-n PSC are p-type polymers (e.g. 
PTAA,[8,15] Poly-TPD,[16,17] PEDOT:PSS[18,19]), or inorganic metal oxide (e.g. NiOx
[20]), which 
are deposited by a spin-coating technique. However, spin-coating is not suitable for large-
scale production due to low throughput and large waste of materials. As an alternative, 
vacuum deposition technique can be utilized for the HTM formation (e.g. for TaTm[21]), yet 
its application  is limited to small molecules, which are compatible with sublimation but 
usually not with solution-processed perovskites due to their low resistance to the used 
solvents. 
In a recent work by M. Stolterfoht et.al.[8] it was shown, that reduction of the HTM film 
thickness leads to increase in the fill factor (FF). However, as the films are getting thinner, 
open-circuit voltage (Voc) sharply drops, possibly due to the incomplete coverage of indium 
tin oxide (ITO), leading to a direct contact between perovskite and ITO and thereby 
enhancing the interface recombination. 
The formation of a self-assembled monolayer (SAM) on TCO circumvents the disadvantages 
of spin-coating or vacuum deposition, while offering the benefits of uniformly formed layers 
with minimized thickness. SAM HTMs would have minimal parasitic absorption, very low 
material consumption, would help to avoid doping procedure, and could be adopted for the 
large area production of solar cells. Moreover, due to the covalent linking to the substrate 
surface these layers are relatively tolerant against perovskite processing and could potentially 
ensure a conformal coverage of textured surfaces. Therefore, SAM HTMs would be perfect 
candidates for direct integration of monolithic perovskite/silicon solar on textured silicon or 
rough CIGS substrates. 
Molecules with phosphonic acid head groups are known to form densely packed, uniform 
SAMs on various oxides,[22] and have been utilized for various applications, e.g. in dye-
sensitized solar cells (DSSCs)[23] and in electrochromic devices.[24,25] However, up to date 
there are only several reports on the synthesis and application of hole transporting molecules, 
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functionalized with phosphonic acid groups. Applications can be found in organic light-
emitting diodes (OLEDs),[26] where HTM SAMs were used for better charge injection, or in 
SAM field-effect transistors (SAMFETs).[27,28] 
Recently, several reports were published by Y. Hou et.al. on the use of a phosphonic acid-
based mixed C60/organic SAM as an ETL in n-i-p PSCs, replacing TiO2.
[29,30] Siloxane-
functionalized C60 SAMs were used by P. Topolovsek et.al. in a similar fashion.
[31] In the 
work of X. Lin et.al.[32] insulating SAMs on gold were used to achieve surface dipole assisted 
charge extraction. However, to the best of our knowledge, no hole-transporting SAMs for 
PSCs have been reported up to date. 
In this work, a new hole transporting material V1036, with a phosphonic acid anchoring 
group was synthesized and used for the formation of a self-assembled hole-transporting 
monolayer (SA-HTM) on ITO. For the first time, p-i-n PSCs with a SA-HTM were 
constructed and showed a very promising power conversion efficiency close to 18% using a 
mixed cation/mixed halide perovskite composition, the so called “triple cation” perovskite.[33] 
We believe that this strategy can be further developed by introducing other well-known HTM 
fragments, which eventually could lead to even higher efficiencies. Furthermore, use of the 
SAMs opens possibilities for the substrate-based perovskite nucleation and passivation 
control. 
 
2. Results and Discussion 
For this purpose, dimethoxy-diphenylamine substituted carbazole V1036, functionalized with 
phosphonic acid, was synthesized. Dimethoxydiphenylamine substituted carbazole fragment 
can be found in several efficient HTMs[34–36] for regular perovskite solar cells, and reactive 
Nitrogen in the 9-th position of carbazole can be further used for the functionalization with a 
phosphonic acid anchoring group. 
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Synthesis was done in a 4-step synthetic procedure, starting from commercially available 
materials (Scheme 1A). 3,6-Dibromocarbazole was alkylated with 1,2-dibromoethane to give 
intermediate compound 1. In the next step, by the means of Arbuzov reaction, aliphatic 
bromide was transformed into phosphonic acid ethyl ester 2. Dimethoxydiphenylamine 
fragments were introduced to yield compound 3 via palladium-catalyzed Buchwald-Hartwig 
amination reaction. Finally, cleavage of the ester with bromotrimethylsilane resulted in 
phosphonic acid V1036. Structures of the synthesized compounds were confirmed by means 
of 1H and 13C NMR spectroscopy. A more detailed description of the synthetic procedures is 
available in the SI. Relatively high overall yield of 46% for 4-step synthesis is achieved due to 
the simplicity of the most of the stages, making V1036 a promising material for the practical 
application. 
In an inverted PSC light first passes through the HTM layer when illuminated from the glass-
substrate side, thus it is important to minimize parasitic absorption of this layer. Optical 
properties of V1036 were investigated by means of UV/vis spectroscopy (Figure 1A). A 
strong π-π* absorption band, with λmax=304 nm, as well as weaker n-π* band in the 350-
450 nm region, which is characteristic for the dimethoxydiphenylamine 3,6-substituted 
carbazole chromophoric system,[34] can be observed. In comparison to PTAA (λmax=387 nm), 
V1036 has an absorption maximum in a shorter wavelength range and weaker absorption in 
the visible range. 
Additionally, UV/vis absorption of a PTAA layer and V1036 SAM on ITO was measured as 
displayed in Figure 1B. The SAM is formed on the ITO substrate by immersing the substrate 
into a solution of V1036 in isopropanol (see ESI for more details) for 20 hours. Subsequently, 
the substrate is blown dry with nitrogen and then annealed for 1 h at 100°C on a hotplate, 
before being washed with isopropanol and chlorobenzene. As can be seen from Figure 1B, 
the V1036 SAM has a negligible influence on the absorption of ITO, therefore no parasitic 
absorption is expected. 
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Thermal decomposition of the V1036 was investigated by means of thermogravimetric 
analysis (TGA). In Figure S1, a TGA heating curve of V1036 is shown, from which the 95% 
weight loss temperature (Tdec) of 343°C was determined. Tdec is high enough to make this 
material suitable for the practical applications in optoelectronic devices.  
The first indication of a surface modification is the change of the contact angle of perovskite 
solution on the treated ITO substrates. In previous reports, SAM solutions mixed with smaller 
aliphatic molecules were used to improve the quality of the formed monolayers.[37,38] 
Following this insight, we mixed our SAM solution with butylphosphonic acid (C4) (Scheme 
1B) in different ratios, as aliphatic phosphonic acids are known to form dense insulating 
monolayers on oxides,[39,40] and investigated the influence on contact angle and solar cell 
device performance. Figure 2 shows contact angle measurements using “triple cation” 
perovskite solution in DMF:DMSO (4:1; v:v) as a probing liquid for different compositions of 
the immersion solution. As can be seen in Figure 2 and Table S1, for PTAA, 100% V1036 
SAM, and 100% C4 SAM contact angles are 42.6°, 26.3°, and 60.5° respectively. For the 
mixed SAMs, the contact angle gradually changes with changing molar ratio between C4 and 
V1036, confirming the presence of both species on the ITO surface. Differences in contact 
angle correlate with the polarity of the material, giving largest value for non-polar aliphatic 
100% C4 SAM, and lowest value for 100% V1036 SAM because of its polar methoxy 
functional groups. 
To confirm that the surface modification is indeed induced by V1036 molecules, FTIR spectra 
of the studied SAMs on ITO substrates were recorded (Figure 3A) and compared to the 
spectrum of bulk V1036 compound dispersed in a potassium bromide (KBr) tablet (Figure 
3B). The spectrum of a 100 % V1036 SAM exhibits two intense bands at 1238 and 1503 cm−1 
along with lower intensity components near 1442, 1461, and 1485 cm−1 (Figure 3A, (a)). All 
observed features in the monolayer spectrum are close to the absorption bands visible in the 
infrared spectrum of bulk V1036, confirming its presence on the surface of the ITO substrate. 
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The most intense band at 1503 cm−1 is associated with C=C in-plane stretching vibration of 
aromatic rings of the carbazole structure[41–43] with some contribution from C=C in-plane 
stretching vibration of p-methoxy-phenyl groups.[44] Stretching vibrations of C−N bonds[42,43] 
are visible as an intense band near 1238 cm−1. Two medium intensity bands located in the 
vicinity of 1438−1442 and 1461−1466 cm−1 contain a high contribution from symmetric and 
asymmetric CH3 deformation vibrations of the methoxy group.
[44] The integrated absorbance 
intensity of the band near 1503 cm−1 was found to decrease for the SAM prepared from 
solution containing mixture of V1036 (10%)and C4 (90%) down to 0.62 of the relative 
intensity compared to the 100% V1036 SAM (relative intensity 1.00), indicating a decrease in 
surface coverage by the V1036 compound in the mixed SAM. Clearly, the decrease in surface 
coverage for the V1036 compound is not as high as could be expected from the C4 to V1036 
molar ratio (1:9) in the adsorption solution, which indicates a higher surface affinity for 
V1036 compared to C4. 
To further investigate SAMs on the ITO surface and assess differences in layer ordering, we 
performed vibrational sum-frequency generation spectroscopy (VSFG) on the same substrates 
as used for the FTIR spectra. Figure S2 in the supporting information shows the VSFG 
spectra of our SAMs in the spectral region 1150 – 1300 cm-1 (A) and 1400 – 1600 cm-1 (B). 
Two peaks at ~1237 cm-1 (Figure S2A, (a)) and ~1490 cm-1 (Figure S2B, (a)) were identified 
in the spectra of the 100% V1036 SAM substrate. Those two bands correspond to the two 
most intense vibrational bands seen in the FTIR spectra of the same monolayer (see Figure 
3A, (a)). The shape of the resonance centered at ~1490 cm-1 resembles an asymmetric Fano-
like resonance curve and also appears to be shifted compared to its frequency in the FTIR 
spectra (~1503 cm-1). This can be explained by an interference between the resonant signal 
and a substantial non-resonant SFG signal from the ITO substrate, leading to spectral 
distortions as can be deduced from Eq. S1.[45]  
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No vibrational bands were identified in the VSFG spectrum of a 10% V1036 90% C4 mixed 
SAM. The FTIR spectra showed that the surface coverage of V1036 in the mixed SAM 
corresponds to ~62% of the surface coverage of a pure V1036 SAM. Thus, the VSFG signal 
of a monolayer with such surface coverage should be still detectable; however, no signal was 
registered. We conclude that a monolayer prepared from a mixed solution results in a more 
disordered structure compared to a monolayer from a pure V1036 solution, since the 
measured VSFG signal is proportional to the molecular ordering of the probed molecules.[46] 
Good matching of the energy levels between the absorber and charge selective contacts is an 
important requirement for efficient device operation. The work function of bare ITO was 
previously measured to be 4.6 eV[3] by means of ultraviolet photoelectron spectroscopy (UPS). 
The perovskite valence band edge and conduction band edge energies are measured to be in 
the range of 5.6-5.8 eV and 3.8-4.2 eV respectively.[47–49] A good hole selective contact 
should have an ionization potential (Ip) close to the perovskite valence band edge energy and a 
large energetic offset between the electron affinity (EA) and the perovskite conduction band 
edge. In order to measure the Ip of the studied SAMs, we performed photoelectron 
spectroscopy in air (PESA) measurements on ITO/SAM samples and bulk V1036 (Table 1, 
Figure S3-S6). For a PTAA film, spin-coated from a 2 mg/ml toluene solution on ITO, an Ip 
value of 5.18 eV was obtained, which is, within the measurement uncertainty of ~0.03 eV, the 
same as a previously reported value of 5.16 eV.[50] Bulk V1036 showed an Ip of 5.04 eV, 
which is a typical value for this chromophore.[34] For the 100% V1036 SAM formed on ITO, 
Ip = 4.98 eV was obtained, which is in good agreement with the bulk material value. The 
mixed SAM with a 10% V1036 and 90% C4 composition showed Ip = 5.09 eV, which is more 
suitable for efficient hole extraction than with 100% V1036 SAM. These results further 
indicate that the ionization potential might be potentially controllable by mixing different 
SAM molecules, opening up the possibility to easily adapt to different absorbers by choosing 
a suitable molar ratio between HTM SAM molecule and filler molecule. Electron affinity of 
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SAMs was calculated to be in a range of 2.23-2.34 eV (Table 1) which is close to that of the 
PTAA (2.22 eV). 
Next, to ensure that perovskite crystal formation on the SAM yields a homogenous film with 
reasonable grain size, we compare scanning electron microscopy (SEM) micrographs of 
“triple cation” perovskite films on the SAM and on a PTAA-coated substrate. As can be seen 
in Figure 4, the SAM does not introduce significant changes in morphology. Thus we assume 
that the bulk coarse grain morphology of the perovskite is not altered significantly when 
exchanging the PTAA hole transport layer with the SAM, although the wetting of the 
perovskite solution on the SAM differs from that on PTAA, as can be seen from contact angle 
measurements. 
The novelty of our approach lies within the usage of a hole transporting fragment as a 
monolayer building block, which acts as a hole contact in PSCs. To demonstrate the efficient 
hole extraction and transport of holes to the TCO, we fabricated p-i-n PSC devices in a 
ITO/HTM/Perovskite/C60/BCP/Cu architecture,
[8] using “triple cation” perovskite[33] as an 
absorbing layer. More details on device fabrication can be found in the ESI. 
The impact of the ratio between the charge transporting V1036 and the electrically inactive 
filler molecule C4 on the device performance was studied first. As can be seen in Figure 5 
and Table 2, the best PCE is achieved with the 10% V1036 90% C4 mixed SAM. Jsc is 
almost the same for all SAM compositions, showing very small spread. FF values of the best 
performing devices are also very close , yet the results are more spread, and on average the 
best result is obtained for 10% V1036 90% C4 and 25% V1036 75% C4 SAMs. Out of all 
performance parameters, the most pronounced influence of the C4:V1036 ratio was observed 
in the open-circuit voltage Voc. Higher concentration of V1036 in relation to C4 has led to a 
reduction in Voc, possibly due to a direct contact of the perovskite with ITO and increased 
interfacial recombination. This assumption is supported by the fact that HTM-free devices 
with bare ITO yield very low performance, mainly due to a strong reduction of Voc (Figure 
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S7). Further reduction of the ratio from the 10/90 to 5% V1036 and 95% C4 SAM led to poor 
wetting by the perovskite solution and thus suboptimal film formation and device 
performance. 
In principle, a variety of filler molecules can be used instead of C4. Length of the alkyl chain 
is known to have impact on the ordering of the SAM.[51] Thus, to study the influence of the 
length of aliphatic phosphonic acid on the overall device performance, we tested 
ethylphosphonic (C2), and n-hexylphosphonic (C6) acids as well. It was impossible to form a 
perovskite film on 10% V1036 90% C6 SAM due to very bad wetting. Devices with C2 filler 
gave slightly lower performance compared to using C4 as a filler molecule, due to a reduction 
in Voc and Jsc (Figure S8). Such behavior can be attributed to a reduction of electron-blocking 
properties upon reduction of the chain length of the filler molecule.[40] 
To compare the SAM HTM performance to a well-established procedure in p-i-n PSC 
fabrication, solar cells with pristine PTAA[7,8] as a HTM were constructed. As can be seen 
from Figure 6A, best-performing SAM devices (10% V1036 90% C4) showed a reverse scan 
PCE of 17.8%, which is slightly lower than that of the device with PTAA (19.2%) as the 
HTM. A stabilized efficiency from maximum power point tracking of 17.1% (Figure 6A, 
inset) and only a small difference between forward and reverse scans (Figure S9) was 
measured. 
To have a conclusive comparison between PTAA and SAM device performance parameters, a 
statistical study was performed. The results are presented in Table 3 and Figures S10-S13. 
On average, Jsc values are 0.28 mA∙cm-2 higher for SAM devices. The reason behind the 
higher Jsc of the SA-HTM-based PSCs compared to PTAA-based PSCs can be directly 
elucidated by external quantum efficiency (EQE) measurements performed on full devices. 
Figure 6B shows that the gain in current stems from a higher EQE in the range from 350 to 
400 nm. It can be attributed to the reduced absorption from the HTM, as it was previously 
demonstrated by UV/vis absorption measurements (Figure 1B). Jsc values, obtained by 
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integration of the EQE data, are in a close agreement with Jsc values obtained from J-V scans 
(within 1-2%). FF values are on a high level for both device classes with a slight advantage 
for SAM devices, which is remarkable considering that only a single molecule layer yields 
sufficiently good selectivity and charge extraction needed for such high average FF values 
(close to 80%). The PCE of SAM devices is mainly limited by Voc, which will be the subject 
of further optimization and can be addressed by structurally more preferred hole transporting 
fragments. 
3. Conclusion 
In conclusion, a new promising HTM formation concept was presented in this work. For this 
purpose, a new molecule V1036, containing a hole transporting fragment and phosphonic acid 
group, was synthesized and used for the formation of self-assembled HTMs on ITO surfaces. 
The presence of V1036 on the surface of the ITO was confirmed by FTIR, VSFG, contact 
angle, and Ip measurements. It was demonstrated that the addition of a small molecule, 
resulting in mixed SAMs, can have a positive impact on overall performance of SA-HTM-
based devices, reaching a PCE of 17.8% for a 10% V1036 90% C4 SAM-based device. The 
small amount of V1036 needed for the mixed SAM formation can be attributed to its 
substantially higher surface affinity compared to C4. Due to the negligible parasitic 
absorption of SAMs, on average 0.28 mA cm-2 higher Jsc was measured compared to PTAA-
based devices. We believe that even higher efficiencies can be obtained upon further 
optimization by means of molecular and compositional engineering. 
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Scheme 1. A) Synthesis of the phosphonic acid functionalized carbazole derivative V1036; B) 
Chemical structure of C4, which was used in this study for the formation of mixed SAMs 
 
a)1,2-dibromoethane (6.5 ml/equiv.), TBABr (0.3 equiv.), 50% KOH aqueous solution 
(15 equiv.), 72 h, 60°C; b)triethylphosphite (3.6 ml/equiv.), 18 h, 165°C; c)4,4′-
dimethoxydiphenylamine (3 equiv.), Pd(OAc)2 (0.3 equiv.), P(t-Bu)3·BF3 (0.6 equiv.), NaOt-
Bu (3 equiv.), anhydrous toluene (24.5 ml/equiv.), Ar, 5 h, reflux; d)BrSi(CH3)3 (10 equiv.), 
anhydrous dioxane (29.4 ml/equiv.), Ar, 24 h, 25°C; e)MeOH (19.6 ml/equiv.), H2O 
(19.6 ml/equiv.), 15 h, r.t. 
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Figure 1. A) UV/vis absorption spectra for 10−4 M THF solution of V1036 and PTAA; B) 
UV/vis absorption spectra of the bare ITO substrate, ITO with PTAA, and ITO with 100% 
V1036 SAM. 
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Figure 2. A) Contact angle dependence on the percentage of the V1036 in the SAM 
composition; B) Equilibrium contact angle of perovskite solution on 100% C4 SAM; PTAA; 
100% V1036 SAM. 
 
 
Figure 3. A) FTIR absorbance spectra of monolayers on ITO substrates prepared from (a) 
1 mM solution of V1036, (b) 1 mM of mixed solution V1036:C4 (1:9), and (c) 1 mM solution 
of C4. B) FTIR spectrum of bulk V1036 in KBr tablet. 
 
 
Figure 4. Top-view (top) and cross-sectional (bottom) SEM micrographs of perovskite film, 
deposited on PTAA and SAM-coated substrates. 
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Figure 5. J-V characteristics of the best performing PSCs with mixed SA-HTMs. Inset: 
Average and best Voc values obtained for different portions of V1036 in the adsorption 
solution. Error bars are showing the standard error. 
 
Figure 6. A) J-V characteristics of the best performing PSCs with 10% V1036 90% C4 SAM 
and PTAA HTMs. The inset shows maximum power point (MPP) track of the best devices. 
B) EQE spectra of representative PTAA and mixed SA-HTM devices. The current values in 
parentheses are integrated Jsc values from the shown EQE spectra and the inset shows the 
statistical distribution of Jsc for both device types. 
  
20 
 
Table 1. Ip (Wf for ITO), Eg
opt, and EA values of the investigated substrates 
Material Ip (Wf for ITO), eV Egopt, eVa EA, eVb 
bulk V1036 5.04 2.75 2.29 
100% V1036 SAM 4.98 2.75b 2.23 
10% V1036 90% C4 SAM 5.09 2.75 b 2.34 
PTAA 5.18 2.96 2.22 
ITO 4.6[3] - - 
aOptical band gap (Eg
opt) estimated from the edge of absorption spectra bFor SAMs same Eg
opt 
value as for bulk V1036 was used cEA calculated using the equation EA=Ip-Eg
opt. 
 
Table 2. Average PSC performance parameters for different SA-HTM compositions 
SA-HTM Jsc, mA∙cm-2 Voc, V FF, % PCE, % 
5% V1036 95% C4 21.08±0.27 (21.26) 0.95±0.06 (0.98) 65.80±2.11 (77.12) 13.05±0.90 (16.07) 
10% V1036 90% C4 21.19±0.10 (21.41) 1.05±0.01 (1.09) 70.87±1.76 (76.49) 15.78±0.55 (17.77) 
25% V1036 75% C4 21.27±0.19 (21.74) 1.02±0.01 (1.06) 71.22±1.56 (76.11) 15.43±0.48 (17.45) 
50% V1036 50% C4 20.91±0.08 (21.16) 0.94±0.01 (0.96) 67.17±2.20 (76.00) 13.24±0.51 (15.40) 
100% V1036 21.22±0.28 (21.77) 0.93±0.03 (0.96) 66.48±2.12 (72.81) 13.16±0.83 (15.29) 
aData was extracted from J-V scans, including the standard errors and performance 
parameters of the best devices (in brackets). The statistics is based on 9–15 cells on different 
substrates for each SA-HTM composition. 
 
Table 3. Average PSCs performance parameters with 10% V1036 90% C4 and PTAA HTMs 
HTM Jsc, mA∙cm-2 Voc, V FF, % PCE, % 
PTAA 20.87±0.06 (21.847) 1.09±0.002 (1.13) 77.82±0.28 (80.98) 17.69±0.08 (19.23) 
10% V1036 90% C4 21.01±0.06 (21.87) 1.00±0.006 (1.09) 78.33±0.46 (80.98) 16.46±0.15 (17.77) 
aData, extracted from J-V scans, including the standard errors and the best performance 
parameters (in brackets). The statistics is based on 41 and 68 cells from several batches for 
10% V1036 90% C4 and PTAA respectively. 
 
 
